Indigenous lactobacilli colonize, in a thick layer, the keratinized epithelium of nonsecreting areas of the stomach in normal rats (1), mice (8) , and swine (2) . The association of lactobacilli with keratinized epithelial cells can be demonstrated on cells scraped from stomachs and stained. We have studied the locality of indigenous microflora, especially lactobacilli, in the contents and walls of the secreting and nonsecreting stomach of rats, and isolated some lactobacillus species (unpublished data). We are interested in the relationship between the bacteria and host cells.
The mechanism of adhesion of the bacteria to gastrointestinal epithelium is not yet known. Microorganisms which proliferate in a mucin layer may make use of mucin as an energy source. Germ-free rats excrete more mucus constituents than do conventional rats. Intestinal microorganisms degrade mucus constituents, particularly their carbohydrate moieties (5) . Some indigenous bacteria directly associate with the surface of epithelial cells of the host animals. For example, lactobacilli used in our experiments directly attach to the keratinized cells of the nonsecreting epithelium of the rat stomach. Indigenous lactobacilli monocontaminated in germ-free mice attach to the keratinized epithelia of gastrointestinal tracts. But nonindigenous lactobacilli do not associate with the gastric mucosa (D. C. Savage, R. W. Schaedler, and R. J. Dubos, Bacteriol. Proc., p. 67, 1967) . The mechanism of these associations may depend, in part, upon the surface structures of the bacteria and the host cells.
In this paper, we describe the adhesion of lactobacillus strains and some other bacterial types isolated from rats, humans, chickens, and swine to the keratinized epithelial cells of the rat stomach in vitro and then some conditions, including effects of treatments on this adhesion ability, as a first stage in examining the mechanism of lactobacillus adhesion to the keratinized host cells in vitro.
MATERIALS AND METHODS
Cultures and cultural conditions. Lactobacillus strains used in these studies were cultured in Rogosa medium. The cultures were grown in medium of the following composition: trypticase, 1%; tryptose, 0.3%; yeast extract, 0.5%; KH2PO4, 0.3%; K2HPO4, 0.3%; NH4-citrate, 0.2%; glucose, 2%; Tween 80, 0.1%; cysteine-hydrochloride, 0.02%; salt solution, 0.5% (MgSO4 -7H2O, 11.5%; FeSO4 7H20, 0.68%; MnSO4.2H20, 2.4%). The pH was adjusted to 6.8, and the medium was autoclaved at 121 C for 15 min. All cultures were incubated aerobically at 37 C. Stationary culture was done for all lactobacillus growth.
The microorganisms used in our experiments were isolated from rats, humans, swine, and chickens and identified as the following species; Lactobacillus fermenti, L. salivarius, L Treatments of the keratinized epithelial cells of the rat stomach. To determine the effect of various treatments of rat stomach epithelial cells on the adhesion of lactobacillus strains, keratinized epithelial cells were pretreated with enzymes, etc., after drying on slides as follows; trypsin, 0.1% at 37 C for 30 min; hyaluronidase, 1% at 37 C for 30 min twice; and 2-mercaptoethanol plus urea, 1% plus 30% at 25 C for 4 h.
RESULTS
The adhesion of lactobacillus strains isolated from rats, mice, swine, and humans to the keratinized epithelial cells was examined in vitro with the techniques described above. Keratinized epithelial cells from nonsecreting areas of rat and mouse stomachs and from the crop of a chicken were used.
None of four strains of L. salivarius isolated from rats adhered to the keratinized epithelial cells of germfree rat stomach in vitro. All L. fermenti ( Fig. 1 ) and some of L. acidophilus strains from rats adhered well to the host cells, but did not adhere to the crop epithelial cells of chickens. In fact, none of the strains from rats adhered to the crop epithelial cells of chickens.
In these experiments, it is emphasized that the indigenous lactobacilli have specificity in their adhesion to the host cells. For example, some lactobacilli from rats, L. fermenti and L. acidophilus strains, have the ability to adhere to the nonsecreting epithelial cells of rat stomach, whereas all of these strains failed to adhere to the chicken crop epithelial cells. And some lactobacilli from chicken feces cannot cilli, especially from the rat stomach, and identified most of the strains. Of the strains, L. fermenti C26 has been found to adhere best to the host cells in vitro. We also isolated four strains of indigenous intestinal bacteria from the rat caecum and examined their ability to adhere to the keratinized epithelial cells of rat stomach (Table 2) . Of the strains, L. fermenti C26 and S. epidermidis Ni attached (Fig. 1 Relationship between degree of adhesion and the concentration of bacterial suspension. The effect was tested of the concentration of the bacterial suspension on relative adhesion of L. fermenti C26 to keratinized epithelial cells from the rat stomach (Fig. 2) . The lower the concentration of the bacterial cell suspension, the less adhesion to host cells could be detected. So, we selected an optimal concentration for the bacterial cell suspension of 10 optical density units at 660 for the adhesion tests.
Effect of heat-treatment of cells of L. fermenti strains on their adhesion to the keratinized epithelial cells of the rat stomach and their viable cell counts in vitro. Pre-heat treatment of cells of L. fermenti strain C26 considerably decreased their ability to adhere to host cells and also their survival rate. Heating of the cells of L. fermenti C26 at 55 C for 60 min inhibited about 80% of their adhesion to the host cells in vitro, and killed 98.7% of their viable cells. Moreover, at 60 C for 60 min their adhesion to the host cells was almost completely inhibited and few cells survived. Heat treatment of cells at 50 C for 60 min had no effect on their ability to adhere to the host cells in vitro.
Effect of culture age. A culture (10 ml) of L. fermenti C26 was grown at 37 C for 4 to 48 h. The optical densities of the samples were observed periodically with a Klett-Summerson Photometer. Samples were taken at the early, middle, and later logarithmic phase of growth. Samples were washed once with PBS, pH 7.3, and their concentration was adjusted. They were then examined for their ability to adhere to the keratinized epithelial cells of rat stomach in vitro. Cells of L. fermenti C26 at the early and middle logarithmic phase of growth exhibited full adhesion to the host cells. The relative adhesion of cells somewhat decreased at the later logarithmic phase of growth, and at 48 h was 90% and 70%, respectively. The survival rate of the bacteria at these phases of growth was about 50% and 4%, respectively (Fig. 3) . Effect of pretreatment of L. fermenti C26 with detergents on adhesion to rat stomach keratinized epithelial cells in vitro. Cells of L. fermenti C26 were pretreated with 0.01, 0.1 and 1% of three kinds of detergents (Fig. 4) . SDS, Tween 80, and Triton X-100 inhibited the adhesion of the strain to the host cells. Tween 80 especially, even at the lowest concentration used, 0.01%, completely inhibited the adhesion of L. fermenti C26. Each detergent was concentration dependent. The inhibitory effects of Tween 80 and Triton X-100 disappeared and the effect of SDS remained when the pretreated cells of L. fermenti C26 were washed twice in PBS.
Effect of pretreatment of the keratinized epithelial cells of rat stomach with enzymes and other reagents on the adhesion of L. fermenti C26 in vitro. Trypsin and hyaluronidase pretreatment of the keratinized epithelial cells of the rat stomach did not influence adhesion of L. fermenti C26 to the treated host cells, whereas pretreatment of the host cells with urea and 2-mercaptoethanol had some inhibitory effects (about 50% less than untreated cells) on the adhesion.
DISCUSSION
The existence of lactobacilli in gastrointestinal tracts may be influenced by the other microorganisms and interaction with the host. Certain lactobacillus species may exist only in the contents or on the surfaces of a region of digestive tracts or both. First, we examined the phenomenon and the degree of lactobacillus adhesion to the keratinized epithelial cells of rat and mouse stomach and chicken crop in vitro. According to data (T. Watanabe et al., submitted for publication) from our laboratory, only three species of lactobacilli were isolated from rats. In the stomach, L. fermenti and L. acidophilus strains were dominant. The population levels of the L. salivarius strains were considerably lower than those of the former strains. This fact seen in vivo strongly supports our data that there is species specificity in the bacteria. Fuller (4) indicated the specificity of adhesion of isolated lactobacilli from the feces of birds and mammals to crop epithelial cells in vitro. Also, in our experiments it is emphasized that the indigenous lactobacilli have specificity for the host cells, because, for example, lactobacilli from rats possess no ability to adhere to chicken crop epithelial cells but can attach well to the nonsecreting epithelial cells of rat stomach and vice versa.
Of five bacterial strains from the rat (from stomach and caecum), only the lactobacillus strains and S. epidermidis NI attached well to the keratinized epithelial cells of rat stomach (Table 2 ). This result suggests that these bacteria have similar components involved in the adhesion. This result also suggests that these bacteria are dominant in rat stomachs in vivo. The in vivo adhesion of staphylococci in the stomach is seen when the rats are free from lactobacilli, but is not observed after inoculation of lactobacilli into the rats (6) .
L. fermenti C26 strain was heat treated and treated with formalin. The former colony was adhesive and the latter was nonadhesive, although in both cases few viable bacterial cells were colonized on LBS agar plates. The mechanism of killing L. fermenti C26 appears to be significant as to whether or not the ability to adhere remains in the strain. The results obtained by heat treatment indicate that the heat-labile components of bacteria such as protein-containing substances, protein itself, etc., mediate the adhesion of the lactobacillus strain to the host cells.
In the rodent stomach, indigenous lactobacilli attach to keratinized epithelial cells and to each other through a substance on their surfaces that may be an acid mucopolysaccharide (7) . Addition of chondroitin sulfate A and gastric mucin inhibited the adhesion of a lactobacillus strain (see above). Such substances on the surface of bacteria may be able to play a role in attachment.
Effect of culture age on adhesion of L. fermenti C26 was examined (Fig. 3) . The results suggest that dead cells of the strain fail to adhere to the host cells in vitro because of denaturation of components mediating the attachment. Ellen and Gibbons reported that S. pyogenes strains attach in highest numbers near the end of the logarithmic phase of growth because of the high degree of M protein production per cell during this period (3).
It was proposed that the failure of bacterial attachment to host cells depends upon the alteration on the surface of the bacteria by some treatments. Then, we attempted to examine the effect of detergents on adhesion of lactobacillus strains to host cells. As seen in Fig. 4 , the adhesion of L. fermenti C26 to the host cells was influenced by the detergents. This result indicates that surface structures may mediate the attachments of the bacteria to the host cells. 
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The results in the treatments with enzymes, urea, etc., suggest that the keratinized cells of the rat stomach have no specific trypsin-sensitive surface proteins or hyaluronidase-sensitive substances (mucopolysaccharides), and that hydrogen bonds mediate the adhesion of the lactobacillus strain to the host cells.
Studies on the relationship between death and adhesion of lactobacilli and denatured sites or constituents relating to adhesion of bacteria by various treatments are in progress. In studying the mechanisms of adhesion, we will examine the effect on physical and chemical treatments on both the bacteria and the host cells.
